A simple and convenient method was developed for the preparation of Streptococcus pneumoniae type 14 polysaccharide (Pn14PS)-tetanus toxoid (TT) conjugate vaccines, using terminally linked Pn14PS fragments of different lengths. Native Pn14PS was simultaneously depolymerized and activated for conjugation by partial N-deacetylation followed by nitrous acid deamination which yielded fragments (1.4 to 150.0 kDa) having a free aldehyde at the reducing end. These were then conjugated to TT through their terminal aldehydic groups, using the reductive amination procedure. All of the above conjugates, when injected in rabbits, induced anti-Pn14PS antibodies, whereas the native Pn14PS did not. The amounts of anti-Pn14PS antibodies elicited by these conjugates, as determined by enzyme-linked immunosorbent assay, followed a trend with conjugates containing the highest-molecular-weight Pn14PS eliciting the highest titers. The same trend was also observed in the ability of the antibodies to opsonize and kill live type 14 pneumococci, although the increase in opsonophagocytic activity was more pronounced and did not correlate linearly with increases in antibody titer. Competitive inhibition of the binding of different conjugate antisera to the native Pn14PS, using Pn14PS fragments as inhibitors, established that the conjugates induced antibodies with specificities for different lengths of Pn14PS beginning at 2 repeating units (RU). It was also established, both immunologically and antigenically, that at least 4 RU of Pn14PS were required to form an extended conformational epitope and that approximately 22 RU of Pn14PS were required to duplicate the same epitope on the same saccharide chain. The conformational epitope was found to be essential for the induction of antibodies with high opsonophagocytic activity and that augmentation of opsonophagocytic activity was also dependent on further chain extension.
The currently licensed 23-valent capsular polysaccharide (PS) vaccine for the prophylaxis of pneumococcal infections is poorly immunogenic in infants less than 2 years of age (3, 17) . To overcome this serious deficiency, efforts have been made to develop conjugate vaccines against the pneumococcus (reviewed in references 12, 14, and 17). The strategy used has been to focus on the few types which are most commonly involved in disease in infants, especially otitis media (1, 10, 25) . Their capsular PSs have been conjugated to various carrier proteins, and the immunological properties of the conjugate vaccines were evaluated in various animal models (5, 6, 10, 15, 21, 23, 25) and humans (1) and demonstrated to have T-celldependent characteristics of isotype switching and boosting. The above conjugates are diverse in terms of their different structural parameters, made with either small oligosaccharides (1), intact PSs (1, 6, 21, 23, 25) , or saccharides of undefined length (10) . Two studies (9, 22) have established that conjugates made with largest pneumococcal capsular PSs are the most immunogenic. However, in both these studies, saccharides of only two different sizes were employed to make the conjugates, and the coupling techniques used resulted in random and probably multiple coupling of the carrier protein to the saccharides. Opsonophagocytic assays on the conjugateinduced antisera were not performed. Ideally for this type of study, it is preferable to use conjugates made with a greater number of terminally linked saccharide fractions of defined length and to carry out opsonophagocytic assays on the induced antisera.
We recently reported the results of systematic immunogenicity studies in rabbits, using conjugates which conform to the above criteria and that were made with PS fragments of pneumococcal types 3, 6A, 18C, 19F, and 23F (16) . In these studies, we found little variation in the antibody titers and opsonophagocytic titers induced by different conjugates. We now report that in contrast to the above result, there is an increase in the immunogenicity of Streptococcus pneumoniae type 14 PS (Pn14PS)-tetanus toxoid (TT) conjugates and an even more significant increase in the opsonophagocytic activity of the antibodies generated by these conjugates with increasing saccharide chain length. That this result could have implications in the development of pneumococcal vaccines can be established from other studies (10) . In these studies, it was found that although a conjugate made with depolymerized Pn14PS produced high concentrations of antibodies to the saccharide component, it was poorly protective in a chinchilla model of otitis media. To explain the unusual length dependency of the saccharide moieties of the conjugates, we carried out competitive inhibition experiments on the binding of the native Pn14PS to the above conjugate antisera, using Pn14PS fragments as inhibitors, to determine which epitopes within the Pn14PS were responsible.
MATERIALS AND METHODS
Materials. Type 14 S. pneumoniae (ATCC 6314) and native Pn14PS were purchased from the American Type Culture Collection, Rockville, Md. Native Pn14PS had a high molecular weight as it was eluted in the void volume of a Bio-Gel 8.5 column. Dextran T fractions were obtained from Pharmacia Biotech, Baie d'Urfé, Québec, Canada. Goat anti-rabbit immunoglobulin G (heavy plus light chain) [IgG (HϩL)] antibodies conjugated to horseradish peroxidase and tetramethylbenzidine substrate were obtained from Kirkegaard & Perry Laboratories Inc., Gaithersburg, Md. TT, obtained from Institute Armand Frappier, Montreal, Québec, Canada, was purified by gel filtration on a Bio-Gel A0.5m (Bio-Rad) column equilibrated with phosphate-buffered saline (PBS). The monomeric TT obtained as described above was dialyzed against distilled water, lyophilized, and used for conjugation. Sodium cyanoborohydride (Aldrich Chemical Company, Milwaukee, Wis.) was purified as described by Borch et al. (2) .
Preparation of Pn14PS fragments. Native Pn14PS (10 mg) was partially Ndeacylated by dissolution in 0.5 M NaOH (1.0 ml). The solution was kept at 70°C for 30 min and cooled, and the pH of the solution was brought to ϳ4.5 by using glacial acetic acid. The partially N-deacylated product was deaminated by addition of a 5% aqueous solution of sodium nitrite (Anachemia, Montreal, Québec, Canada); the solution was stirred at room temperature for 2.5 h and then neutralized with 2 M NaOH. The solution was dialyzed against cold water and lyophilized. The product obtained was fractionated on a Bio-Gel A0.5 (Bio-Rad) column eluted with PBS at pH 7. Appropriate fractions were combined to make four lots, and the average molecular size (K av ) of the individual lots was estimated by comparison of their K av values calculated from their elution volumes on a Superose 12, HR 10/30 column (Pharmacia) with the K av values of dextrans of known molecular weights.
Smaller fragments (2 to 5/6 repeating units [RU]) of Pn14PS (2RUPn14PS to 5/6RUPn14PS) were prepared by deamination as described above except that the heating time during the N-deacetylation step was extended to 2 h, and the fragments were separated on a Superdex 30 HiLoad 16/60 PrepGrade column eluted with 330 M phosphate-5 mM NaCl (pH 7.3) buffer (20) . Thin-layer chromatography on silica gel (n-butanol-acetic acid-water, 2:1:1), fast atom bombardment-mass spectroscopy (FAB-MS), and 1 H nuclear magnetic resonance (NMR) were used to confirm the structures and purity of the fragments.
Coupling of Pn14PS fragments to TT. The Pn14PS fragments obtained by deamination contained a terminal aldehyde and were conjugated with purified TT by the reductive amination procedure (11) . In brief, a solution of Pn14PS (3 mg), TT (3 mg), and sodium cyanoborohydride (3 mg) in 0.1 M sodium bicarbonate buffer (0.3 ml, pH 8.1) was kept at 37°C for 4 days. The progress of conjugation was monitored by analyzing small aliquots from the reaction mixture by high-performance liquid chromatography using a Superose 12, HR 10/30 column (Pharmacia) with PBS as the eluant. Conjugation was indicated by gradual disappearance of the TT peak with simultaneous appearance of the conjugate peak having a relatively lower K av value. All conjugates were purified on a Bio-Gel A0.5m (Bio-Rad) column eluted with PBS. Fractions containing conjugate were pooled, dialyzed against water, and lyophilized. The conjugates were analyzed for carbohydrate contents by phenol-sulfuric acid method (7), using purified PS fragment as a standard. Protein contents of the conjugates were determined by the bicinchoninic acid analysis method (24), using bovine serum albumin (BSA) as a standard. Using the same procedure, the 30-kDa Pn14PS (30kDPn14PS) was also conjugated to human serum albumin (HSA), and the resulting conjugate was designated as 30kDPn14PS-HSA.
Vaccination of rabbits with conjugate vaccines. Groups of three New Zealand White rabbits (NRC stock) were immunized subcutaneously at two to three sites with 10 g of carbohydrate either as TT conjugates or as the native Pn14PS, adsorbed on aluminum hydroxide (1 mg/ml) in a total volume of 1 ml. The animals were injected on day 0, 21, and 42. The sera were collected on day 0, 21, 34, and 55, filtered sterile, and stored at Ϫ80°C.
ELISA. Rabbit antibodies to Pn14PS were quantified by enzyme-linked immunosorbent assay (ELISA). Briefly, each well of microwell plates (Corning no. 25805-96 or Linbro Titertek no. 76-381-04) was coated with 1 g of native Pn14PS or 30kDPn14PS-HSA in PBS. The plates were then blocked with 0.5% skim milk or 1% BSA in PBS. Serial dilutions of serum were applied, and the PS-specific antibodies were detected with goat anti-rabbit IgG (HϩL) conjugated to horseradish peroxidase at 1/200 dilution and tetramethylbenzidine substrate. Tween 20 (0.05%) in PBS was used as washing buffer between each step. Titers were recorded as the reciprocal of the dilution that gave an absorbance of 1 at 450 nm.
Competitive inhibition of ELISA using Pn14 fragments. Competitive inhibition of ELISA was performed following the ELISA procedure as reported above, using the native Pn14PS as the coating antigen and with the other following variations. After the blocking step, 50 l of 2 to 4 mM Pn14PS fragment inhibitors in 0.5% BSA-0.02% Tween-PBS buffer was added to wells and serially diluted twofold with the same buffer. Then 50 l of pooled antiserum (diluted in the same buffer to give an optical density at 450 nm [OD 450 ] of approximately 1 in the absence of inhibitors) was added, and the mixture was incubated at room temperature for 3 h. The remainder of the procedure was followed as described above. Native Pn14PS was always included as a control to determine variation. Percent inhibition was calculated as [OD (no inhibitor) Ϫ OD (with inhibitor)]/ OD (no inhibitor) ϫ 100. Inhibition-versus-log concentration curves were drawn for each inhibitor with each antiserum, and the curves were extrapolated to determine the concentrations required for 50% inhibition.
Opsonophagocytic assay. To test the biological properties of vaccine-induced antibodies, we used an in vitro opsonophagocytic assay using peritoneal cells obtained from glycogen-stimulated rabbits or dimethylformamide (DMF)-stimulated HL60 cells (16) . In brief, HL60 cells were cultured in RPMI 1640 (Difco) supplemented with 20% fetal calf serum. Five days before use, the cells were stimulated with 90 mM DMF. On the day of use, the cells were centrifuged and washed three times with cold Hanks buffered salt solution (HBSS) containing 0.3% BSA. For peritoneal cells, rabbits were injected intraperitoneally with 250 ml of 0.1% glycogen solution in saline. After 4 h, the fluid was collected with heparin and filtered on sterile gauze. The peritoneal cells were then washed in cold HBSS containing 0.1% gelatin and 10 Ul of heparin per ml. After lysis of the erythrocytes with ammonium chloride buffer (0.155 mM NH 4 Cl, 10 mM KHCO 3 , 1 mM EDTA), the cells were resuspended in HBSS containing 0.3% BSA and counted.
For the assay, 0.250 ml of heat-inactivated antiserum (30 min at 56°C) was serially diluted fourfold in HBSS with 0.3% BSA. To this was added 0.05 ml of buffer containing 2 ϫ 10 5 to 3 ϫ 10 5 log-phase S. pneumoniae serotype 14 organisms and 0.05 ml of complement (4- 
RESULTS
Depolymerization and activation of native Pn14PS. Native Pn14PS is a neutral PS having a repeat tetrasaccharide structure (18) , and it was depolymerized by using the following procedure (19) . Partial N-deacylation of Pn14PS at the interchain N-acetylglucosamine residues reveals a free amine and makes it susceptible to nitrous acid deamination. During the deamination reaction, the equatorial free amino group is converted into a diazo group with nitrous acid, and after rearrangement, the sugar is converted into 2,5-anhydro mannose. Rearrangement also leads to the loss of the aglycon and results in depolymerization of the native Pn14PS and the production of fragments having terminal free aldehyde groups. Although there are alternate products formed during the reaction, 1 H NMR spectroscopy did not reveal any significant change (Ͻ5%) in the structure of the fragments.
The fragments obtained as described above were fractionated on a Bio-Gel A0.5 column, and appropriate fractions were pooled to obtain four lots with average molecular mass of 150, 70, 30, and 15 kDa, as determined from an elution curve constructed by using dextran T fractions of known molecular weight. Lower-molecular-weight fractions were further fractionated on a Superdex 30 column and yielded well separated fragments of 1, 2, 3, 4, and 5/6 RU. The purity and structures of the fragments were demonstrated by thin-layer chromatography and 1 H NMR (not shown), and FAB-MS confirmed the structures of the 2-and 3RUPn14PS [1,378.6 (M ϩ Na ϩ ϩ H 2 O) and 2,027.7 (M ϩ H ϩ ), respectively]. Conjugation of Pn14PS fragments to proteins. Conjugation of the fragments to TT by using reductive amination gave conjugates where each saccharide chain was attached by a single covalent bond. Each conjugate is identified in this text according to the size of the PS in the conjugate, and their biochemical analysis is reported in Table 1 . A similar procedure was used to conjugate a 30kDPn14PS to HSA. Conjugates containing the higher-molecular-weight fragments had approximately one saccharide chain per molecule of TT, but conjugates prepared from smaller fragments contained greater numbers of chains per molecule of TT. Conversely, the percentage dry weight of carbohydrate in the conjugates was greater in conjugates made with the higher-molecular-weight fragments and decreased in conjugates prepared from smaller fragments. 1 H NMR spectra of all conjugates confirmed that the struc-tures of the attached saccharide fragments remain virtually unchanged.
Immunogenicity of conjugates in rabbits. The above TT conjugates of Pn14PS fragments of various chain lengths were evaluated for their immunogenicity in New Zealand White female rabbits. Each group of three rabbits was injected subcutaneously with 10 g of carbohydrate as native Pn14PS or as conjugate. Using 30kDPn14PS-HSA as the coating antigen, preimmune sera taken from each group of rabbits showed trace or nondetectable amounts of antibodies against Pn14PS. The geometric mean ELISA titer of the antisera obtained from individual rabbits injected with native Pn14PS showed no increase with subsequent injections, as shown in Table 2 . In contrast, all conjugates elicited statistically significant antibody rises after the first injection; the additional injections on day 21 or 42 also resulted in antibody increases, though these were not statistically significant in the cases of the 30kDPn14PS-TT, 5/6RUPn14PS-TT, and 3RUPn14PS-TT (P Ͼ 0.05). When the titers of the individual rabbit antisera were measured, there was no statistically significant difference in any of the titers of the day 55 antisera (Newman-Keuls multiple comparison) (Table 2). All conjugates studied induce antibodies of the IgG isotype in rabbits, and their levels could be boosted with subsequent injections, clearly showing T-cell-dependent enhanced immune response to Pn14PS-TT conjugates. When the titers of the pooled rabbit antisera were measured by ELISA using 30kDPn14PS-HSA as the coating antigen, the differences in titer were small but detectable. However, when the native Pn14PS was used as the coating antigen, a distinct difference in titers was observed, particularly between the largest and smallest Pn14PS-TT conjugate antisera (Fig. 1) .
Competitive inhibition of polyclonal antisera with Pn14PS fragments. To characterize the polyclonal antisera elicited by the different-molecular-weight PS conjugates, a competitive ELISA was carried out with the native Pn14PS as the coating antigen and depolymerized Pn14PS fragments as inhibitors to determine the amount of each fragment required to give 50% inhibition. Figure 2 shows the data compiled from the competitive ELISAs of six different antisera inhibited with nine different Pn14PS fragments. Logarithmic axis scales were used in the graph for clarity.
Visual inspection of the curves reveals a salient feature. All curves representing antisera induced by 4RUPn14PS-TT through 22RUPn14PS-TT plateaued no matter which fragments from 4 to 22 RU were used as inhibitors. This plateau is indicative of the antisera containing antibodies having a common specificity for an extended groove-type conformational epitope. Thus, the conformational epitope requires a minimum of 4 RU to form and 22 RU to duplicate. The latter can be a Each rabbit was vaccinated subcutaneously at two to three sites with 10 g of carbohydrate either as a conjugate or pure Pn14PS adsorbed on aluminum hydroxide (1 mg/ml). Geometric mean titer is defined as the dilution giving an ELISA OD 450 of 1.0 for rabbit IgG (HϩL). Titers of 100 or less are reported as 100. All titers on day 0 were Ͻ100.
VOL. 66, 1998 TYPE 14 PNEUMOCOCCAL POLYSACCHARIDE EPITOPES 2443
on October 14, 2017 by guest http://iai.asm.org/ ascertained from the observation that for inhibitors larger than 22 RU, the descending curves indicate the occurrence of further inhibition, which is consistent with a concomitant increase in the valency of the conformational epitope on the larger fragments. Confirmatory evidence for the multivalency of conformational epitopes within the native Pn14PS and its longer fragments was obtained when they were used as inhibitors of the binding of native Pn14PS to the 150kDPn14PS-TT antiserum (Fig. 3) . In these experiments, it was determined that native Pn14PS was the best inhibitor and that the ability to inhibit was dependent on saccharide length. This finding is consistent with increasing valency of conformational epitope. In addition, the importance of multivalency of conformational epitope to binding was demonstrated by including an HSA conjugate containing three to four chains of 24KdPn14PS in the same experiment. The conjugate had increased inhibitory properties over that of the single 24kDPn14PS fragment and was equivalent in inhibitory power to the 90kDPn14PS. Contrary to the results above obtained with the conjugates containing the larger saccharide fragments, the binding of native Pn14PS to antisera induced by 2RUPn14PS-TT and 3RUPn14PS-TT was readily inhibited by 2-RU and 3-RU fragments, indicating that these fragments were not long enough to be able to express the conformational epitope either antigenically or immunogenically. An alternate explanation that these latter conjugates produced mostly pocket-type and not groovetype antibodies can be largely refuted on the evidence that 1RUPn14PS, which had the same nonreducing terminal sugar sequence as all the other Pn14PS fragments, was able to only partially inhibit the binding of Pn14PS to 2RUPn14PS-TT antiserum and failed to inhibit the binding of Pn14PS to the 3RUPn14PS-TT antiserum.
It is interesting that 2-and 3RUPn14PS were also able to inhibit, to a small extent, the binding of native Pn14PS to antisera made with the conjugates 4RUPn14PS-TT through to 150kDPn14PS-TT. Thus, it is probable that a minor population of antibodies of specificities other than those attributed to the conformational epitope can be induced by conjugates made with longer fragments of Pn14PS.
Opsonophagocytic killing of S. pneumoniae type 14. The opsonization of pneumococci by type-specific antibody is thought to be the major immune mechanism protecting the host against infection with pneumococci (29). To determine the opsonic activity of the antisera, we used an in vitro opsonophagocytic assay. As described previously (16), we found rabbit peritoneal cells to be unreliable as a source of phagocytic cells; hence, we developed the same assay using DMFactivated HL60 cells according to the method described by Whitin and Anderson (28) and demonstrated that the same titer for 50% opsonophagocytic killing of type 14 pneumococci could be obtained with either type of cells (results not shown). The results of in vitro opsonophagocytic killing of S. pneumoniae type 14 bacteria by DMF-activated HL60 cells in the presence of pooled rabbit antisera to Pn14-TT conjugates are given in Fig. 4 . Some of the samples of pooled rabbit antisera were able to kill type 14 pneumococci in the absence of HL60 cells; however, this bacterial killing disappeared as the antisera were further diluted, whereas there was still 100% killing of bacteria in the presence of HL60 cells. Further dilutions of the pooled rabbit antisera from each group revealed a trend between different antisera in terms of the ability to kill type 14 pneumococci under the experimental conditions. There was a correlation in the maximum dilution of the antisera able to give 50% opsonophagocytic killing (opsonic titer) with the molecular weight of the PS in the corresponding Pn14PS-TT conjugate, with 150kDPn14PS-TT giving the highest opsonic activity.
The opsonic titers for each antiserum were compared with the ELISA titers obtained with native Pn14PS as the coating antigen. This ratio, the relative opsonic activity of the pooled antiserum, is presented in Table 3 . It is reasonable to separate these numbers into two groups based on the conformational epitope described above. If we choose the 5/6RUPn14PS-TT antiserum as the division and take the average relative opsonic activity of the groups so formed, the two levels of relative opsonic ability are calculated to be 3.89 and 0.63. This calculation indicates that the opsonic ability of the antisera, normalized for the amount of antibody present, is six times better when the length of Pn14PS used in the immunogen is greater than 5/6 RU (P Ͻ 0.02).
DISCUSSION
In this study, a comparison of the immune performance of Pn14PS-TT conjugates indicated a trend for increasing immunogenicity with increasing size of Pn14PS fragment covalently linked to TT. There was an even more pronounced increase in opsonophagocytic activity which was not linearly related to increases in antibody titer. These results differ from those obtained previously in similar experiments using terminally linked saccharides obtained from the PSs of other pneumococcal serotypes (16) . All types (3, 6A, 18C, and 23F) other than type 19F, the conjugate of which exhibited a sequential decrease in immunogenicity with increasing length of saccharide chain, showed little variation in immunogenicity and none in opsonophagocytic activity.
As in the previous study (16) , the Pn14PS conjugates were made by a procedure which gave sufficient uniformity to their structures to enable a legitimate comparison to be made. All of the Pn14PS saccharide fragments were terminally linked exclusively at the reducing end, and all fragments had the same sequence of sugars at the nonreducing end. However, in experiments using the above conjugates, for practical reasons, we had to accept some variation in structural parameters (Table  1) . Improved structural uniformity could have been achieved either by the conjugates having equivalent saccharide loading, a factor which is known to contribute to their immune performance (16), or by them having the same number of saccharide chains. Meeting either of these two criteria is not possible when such a wide range of saccharide lengths are used.
From our inhibition data, we have established that the predominant immune response to Pn14PS involves the formation of antibodies with a specificity for an extended conformational epitope. Wessels and Kasper (27) first obtained evidence for a conformational epitope on the Pn14PS. However, this evidence was not conclusive because they did not have access to Pn14PS fragments between 2 and 22 RU and hence were unable to determine the size requirements for this epitope. From our inhibition data, we have established that the conformational epitope cannot be expressed antigentically or immunogenically until at least 4RUPn14PS is used and that 22RUPn14PS is required in order to form two conformational epitopes. We have also provided evidence that increased inhibition is associated with multivalency of conformational epitopes, which was not accounted for in other antigenicity studies on the binding of the native Pn14PS to homologous polyclonal rabbit IgG antibodies and derived Fab fragments (27) .
Based on NMR and molecular dynamic studies on the type III group B streptococcal PS and the structurally related Pn14PS, it is likely that antibodies to both conformational and shorter epitopes have their origins in the respective extended helical and random coil segments of an intrinsically flexible Pn14PS (4). Extended conformational epitopes have been described for the PSs of group B Neisseria meningitidis (13) and type III group B streptococci (26) ; in the case of the former, evidence for the epitope being situated on an extended helical segment of the PS was obtained (8) .
Our data also demonstrate that the conformational epitope is essential for the induction of good opsonophagocytic antibodies and that induction of these antibodies increases with increasing length of Pn14Ps fragment used in making the conjugates. This again could be attributed to increasing multivalency of the conformational epitope with increasing length of Pn14PS as was proposed in the antigenicity studies. However, there is a problem with this interpretation of the data because despite the fact that extensive multivalency of conformational epitope occurs in conjugates containing Pn14PS fragments of 4 to 6 RU, the antisera they produce is poorly opsonophagocytic compared to that produced by conjugates containing much longer fragments. For example, 4RUPn14PS-TT and 5/6RUPn14PS-TT contain about 9 and 14 saccharide chains, respectively (Table 1) , and inhibition studies have demonstrated that each chain contains a potential conformational epitope (Fig. 2) . If one accepts that 22 RU of Pn14PS are required to form two epitopes, then despite the fact that these conjugates contain more epitopes than the longer Pn14PS, the opsonophagocytic activity of their antisera is inferior. One possible explanation for the above phenomenon is that in terms of increasing opsonophagocytic activity, the number of conformational epitopes in a conjugate is not as important as the presentation of these epitopes to the immune system in extended linear sequences of Pn14PS.
An alternative explanation for the above phenomenon could be that due to their intrinsic flexibility, there is inadequate stabilization of the conformational epitope when conjugates containing 4-to 6-RU fragments of Pn14PS are used as immunogens. However, we did not detect this in our antigenic studies, and therefore to support this explanation requires making a distinction between antigenic and immunogenic (opsonophagocytic) epitopes. Interestingly, the above explanation is similar to a certain extent to the hypothesis proposed by Wessels and Kasper (27) in which they extended the same argument to the antigenicity of all lengths of Pn14PS, including the native Pn14PS, and attributed increased affinity of binding of Pn14PS to homologous polyclonal antibodies to continuing stabilization of the conformational epitope with increasing length of Pn14PS. Although on the basis of our data we cannot eliminate the possibility of fine-tuning of individual conformational epitopes occurring in longer saccharide fragments, we have established that stabilization of the epitope does occur in Pn14PS fragments of at least 4 RU and that multivalency of conformational epitope is an important factor in both the antigenicity and immunogenicity of Pn14PS. Our inhibition data indicate that stabilization of the conformational epitope must occur between 4 RU and 22 RU of Pn14PS because at 22RU two contiguous conformational epitopes are formed, and be- 
